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Rekonstrukce biologickych siti v kontextu SB

[ Genomika ] [ Proteomika ] [ Metabolomika J
[ Rekonstrukce siti biochemickych reakci ]

@

‘ [ Struktura ] [ Vymezeni ] [ Dynamika ] [ Citlivost ] [ Ruch ] ‘

4

infinitni prostor hypotéz a interpretaci
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Biologické sité a drahy

e biochemickd interakce molekul popsana grafem
o uzly

e molekuly/komplexy biochemickych latek
e biochemické reakce

e hrany

o regulace (aktivace, represe, katalyza)
e pfisludnost k reakci (produkt, zdroj)

e drdhy — zamé&fené na ur&ita specifika (latky, reakce)
e typicky signalni drihy
o sité — komplexni interakce
e rlizné Grovné abstrakce, rizné notace, napf. Kohn's diagrams
http://www.nature.com/msb/journal/v2/nl1/full/
msb4100044 .html


http://www.nature.com/msb/journal/v2/n1/full/msb4100044.html
http://www.nature.com/msb/journal/v2/n1/full/msb4100044.html
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Priklad komponenty biologické sité
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Biologické sité a drahy

komplexy vzdjemné interagujicich chemickych reakci

klitem ke studiu fyziologie organismu

ptedstavuji zakladni informaci pro tvorbu in silico modelu

v prib&hu evoluce mize dochdzet k p¥idavani/ubirdni hran
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Biologickeé sité a drahy

O v

® neformdlni notace

® vyvijeji se standardy — SBGN (podporuje nap¥. CellDesigner)
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Metabolickd sit — ad hoc diagram
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Signdlni sit — SBGN
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Signdlni sit — Kohnova mapa
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Puvod biologickijch dat

e tradi¢ni biochemie a genetika
e vysledky redukcionistického obdobi biologie
e forma: védecké &lanky
e ziskani dat: dolovdnim znalosti z text(l (text mining)
e low-troughput technologie
e separace protein( prost¥ednictvim antigeni
e genové reportery
e high-troughput technologie
e sekvenovani genomu
e méFeni exprese gend na DNA mikro€ipu
e hmotnostni spektrometrie
e proteomika a metabolomika
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Rekonstrukce v kontextu centrdlniho dogmatu

replikace

transkripce translace

GENOME TRANSCRIPTOME PROTEOME
genove sekvence exprese mRNA exprese proteinu
regulacni oblasti interakce protein—-DNA struktura proteinu

INTERACTOME

interakce proteinu
proteinove komplexy
METABOLOME
koncentrace metabolitu
metabolicke drahy

| I >

informace prenos realizace
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Data na drovni RNA

o exprese mMRNA

e DNA microarray: high-throughput data (genome-scale expresn{
profily), typicky na populagni trovni

e individudlni informace pomoci genovych reportéri (lze i na
drovni bufiky)

e srovnani s knock-out/knock-in mutacemi

e dolovani hypotéz o regulaZnich interakcich (shlukovdnim
profild)

o transkriptom poskytuje hruby odhad o expresi proteinli, nemus{
byt vypovidajici (post-transkrip&ni modifikace, regulace
degradace mRNA, splicing)

e interakce protein-DNA

o ChlIP-chip (chromatin immunoprecipitation + microarray):

p¥ima detekce vazeb transkrip&nich faktori na DNA

K rekonstrukci regulaéni sité je nezbytné integrovat data z trovné
genomu a transkriptomu.
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Meéreni mRNA exprese

e nejpouZivané&j$im nastrojem je technologie DNA microarray
e v daném okamZiku je paralelné nasamplovdna exprese viech
genll v genomu pfislusného organismu
e postaveno na relativnim srovnani minimalné dvou rdiznych
vzork
® exprese v pfitomnosti vs. nepfitomnosti O,

e exprese p¥i knock-outu uréitého genu vs. normalni stav
[ ]

PrepareiCDNABIobe RrepareMicToatray,

D —
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Postup pri DNA microarray experimentu

. konstrukce &ipu z cDNA knihovny (amplifikace a rozmist&ni

sekvenci)
odbé&r celkové mRNA z experimentélnich vzorkd (typicky 2)

reverzni transkripce do cDNA asociované s fluorescenénim
barvivem

hybridizace odebrané cDNA s cDNA na Z&ipu

omyti Cipu a oskenovani vysledku

analyza dat

komer¢ni Cipy pouzivaji misto cDNA knihovny skupinu
oligonukleotidil pro kazdy gen

= pouze jeden vzorek mRNA je analyzovan na jednom Z&ipu
(porovnani vice identicky pfipravenych &ipi)

http://www.bio.davidson.edu/courses/genomics/chip/chip.html


http://www.bio.davidson.edu/courses/genomics/chip/chip.html
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Reverzni transkripce cDNA a amplifikace

Isolate and sollect mRMA Reverse

transcriptase

Inzert info
bacterial
plasmids

) ,
L P g
’.. Insert plasmids U 2N
i into bacteria U
TIsolate plasmid

and
purify DMNA

A

ce cTGEGECTGACTTTA
Sequence TCCT aT Tae
_.%
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Vyuziti Polymerase Chain Reaction (PCR)

e umoziiuje replikaci ur&ité &asti DNA (forma amplifikace)

DNA je zah¥atim rozdélena
isek DNA je oznaen parem oligonukleotidii (15-25 bazi)

e pfi sniZeni teploty hybridizace oligonukleotidli s fetézcem DNA
o doplnéni zbyvajici sekvence DNA prostfednictvim RNA
polymerazy

® http://www.dnalc.org/resources/animations/pcr.html
Ize vyuZit i pro mRNA: RT-PCR (reverse transcription PCR)

o reverzni transkripce mRNA do cDNA
o amplifikace cDNA (PCR)


http://www.dnalc.org/resources/animations/pcr.html
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Databdze microarray dat

e Stanford Microarray Database — riizné pohledy na data,
filtrace
http://smd.stanford.edu/cgi-bin/cluster/drpGetData.pl

e ArrayExpress — statisticky zpracovana data
http://wuw.ebi.ac.uk/gxa/

e Gene Expression Omnibus (GEO)
http://www.ncbi.nih.gov/geo/

e MUSC DNA Microarray Database
http://proteogenomics.musc.edu/ma/

e GenExpDB (E. Coli specifickd data)

http://genexpdb.ou.edu/


http://smd.stanford.edu/cgi-bin/cluster/drpGetData.pl
http://www.ebi.ac.uk/gxa/
http://www.ncbi.nih.gov/geo/
http://proteogenomics.musc.edu/ma/
http://genexpdb.ou.edu/
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Welcome to the E. coli Community's Gene Expression Database (GenExpDB)
Hosted by the University of Oklahoma
Instructions: Search E. coli GenExpDB using either gene, b-number or location (multiple entries separate by comma or space)
Example: edd * b3517 * |aca.lacy.lacz = 416366 (location) * reset
Search by Operon (L) Regulon () Sigma (_) Text () Experiment.
MulEiF un Query

f—
bozas

GSELS406
BRGRRO Gral { pRGRPO cantral (shert term)
Data Count: 4368

Ratio

B
1600 2600 3100 3600 4100

100 600 1100 2100
genone location
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Mereni mRNA exprese pomoci genovijch reportéri

e genovym reporterem se rozumi uméla subsekvence DNA
zavedend do buiiky
e formou persistentniho syntetického plasmidu (externi molekula
DNA zavedend do buiiky)
e modifikaci chromozomu (prost¥ednictvim plasmidu)

Bacterial DNA Plasmids
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Zavedent plasmidu do bunky

Bacterial DNA Plasmids

R

ell replication

Integrated plasmid

Plasmid
|ntegratuon|>

Cell
replicatiol
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Schema aplikace genového reporteru

@ — ™

Global
E. coli regulator
genome /

/
®

- /

e genovy reporter prevddi aktivitu na urlitém promotoru na
méfitelny jev (nej€astéji fluorescence — GFP, luciferase)

e méreni reportovaného jevu probihd na populaéni trovni, Ize i
single-cell (digital microfluidics)
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Schema aplikace genového reporteru

@ — ™

Global
E. coli regulator
genome /\J
Reporter§ —
. gene GFF or

\ Lucifér@

e genovy reporter prevddi aktivitu na urlitém promotoru na
méfitelny jev (nej€astéji fluorescence — GFP, luciferase)

e méreni reportovaného jevu probihd na populaéni trovni, Ize i
single-cell (digital microfluidics)
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Maikroflurdicka soustava pro genové reportéry

] -
—

q" Flow-controlling pumps

Control and acquisition
program

Fl -
i
B A

Camera

Baret, Jean-Christophe; Beck, Yannick; Billas-Massobrio, Isabelle; Moras, Dino; Griffiths, Andrew D.
Quantitative Cell-Based Reporter Gene Assays Using Droplet-Based Microfluidics. Chemistry & biology
doi:10.1016/j.chembiol.2010.04.010 (volume 17 issue 5 pp.528 - 536)
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Detekce vazeb protein-DNA
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Szalkowski, A.M, and Schmid, C.D.(2010). Rapid innovation in ChlP-seq peak-calling algorithms is outdis-
tancing banchmarking efforts. Briefings in Bioinfomatics.
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Data rekonstruovanych requlacnich siti

| E. coli | S. cerevisiae | S. cerevisiae (ChlP-chip)

regulujici geny 123 109 203
regulované geny 451 418 1296
regulaéni inerakce | 1468 945 3353

e E. coli — RegulonDB (http://regulondb.ccg.unam.mx/)

e S. cerevisiae -
http://web.wi.mit.edu/young/regulator_network/

Christopher T. Harbison, et al. Transcriptional regulatory code of a eukaryotic genome. Nature 431, 99-104
(2 September 2004). doi:10.1038/nature02800.

S Shen-Orr, R Milo, S Mangan & U Alon. Network motifs in the transcriptional regulation network of
Escherichia coli. Nature Genetics, 31:64-68 (2002).


http://regulondb.ccg.unam.mx/
http://web.wi.mit.edu/young/regulator_network/
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Urovné pohledu na requlacni interakce

koexpresni sit genova regulaéni sit
uzly: geny uzly: geny a TF
hrany: podobny expresni profil hrany: regulace
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Problémy rekonstrukce

e uvazme E. coli
= 4500 gend, z toho 300 kédujicich znamy TF

e mame 4500 x 300 moZnosti interakei . ..

e navic dochazi ke kombinatorickym regulacim
e nutno uplatnit optimalizaéni strategie:
e shlukovani expresnich profild (clustering)
e integrace dat
e metody Fizené dotazy (query-driven reconstruction pomoci
bayesovskych zavislosti)
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Problémy rekonstrukce

Srovndnt integracnich a expresnich metod

014 014
012 | = Regulone o012 | = Regulonre |
— CLR s DISTILLER
o1 0l
0.08 - ] 0.08
0.06 4 0.06
0.04 0.04
oo | 00
0 08 06 04 02 0 02 04 06 08 1 0 08 06 04 02 0 02 04 06 08 1

Riet De Smet & Kathleen Marchal. Advantages and limitations of current network inference methods.
Nature Reviews Microbiology 8, 717-729 (October 2010). doi:10.1038/nrmicro2419

e DISTILLER — nastroj postaveny na integrani metodé&
(integrace expresnich a interak¢nich dat)
e CLR — nastroj postaveny na vypoftu korelace expresnich dat
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Problémy rekonstrukce

Divergence metod

RegulonDB
3403

Riet De Smet & Kathleen Marchal. Advantages and limitations of current network inference methods.
Nature Reviews Microbiology 8, 717-729 (October 2010). doi:10.1038/nrmicro2419

e LeMoNe — néstroj postaveny na strojovém uéeni z expresnich
profild (shlukovani)

e SIRENE - ¥izené strojové uleni

e SEREND - &3stené ¥izené strojové uleni + integrace dat
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Data na drovnt proteomu a interaktomu

e exprese proteind
e proteinové chipy (problémové — nap¥. proteinové interakce
zgvislé na termodynamickych podminkach)
e hmotnostni spektrometrie (separace chromatografii, ionizace a
mé&Feni rychlosti pohybu mezi elektrodami)
o detekce interakci protein-protein
e proteinové chipy (univerzélni pouZiti)
e Y2H (yeast two-hybrid system)

Na interaction

GAL4-binding site Heporter gane

Positive interaction

Increased transcription

GAL4-binding site Reparter gene




BIOLOGICKE SIT} REKONSTRUKCE BIOLOGICKYCH SfT{ ONTOLOGIE BIOLOGICKYCH ZNALOSTI

Data na drovnt proteomu a interaktomu

Sité proteinovych interakci

interakce proteind ¢lovéka

zdroj: http://www.estradalab.org/research/index.html


http://www.estradalab.org/research/index.html
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Data na urovni proteomu a interaktomu

Interakce proteini S. cerevisiae

Binary Co-complex Literature
(Y2H-union) (Combined-AP/MS) (LC-multiple)

Yeast Interactome Database —
http://interactome.dfci.harvard.edu/S_cerevisiae/


http://interactome.dfci.harvard.edu/S_cerevisiae/
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Data na urovni proteomu a interaktomu

Interakce proteinu E. coli

Bacteriome — http://www.compsysbio.org/bacteriome/


http://www.compsysbio.org/bacteriome/
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Data na drovnt proteomu a interaktomu

Dalst zdroje

o C. elegans —
http://interactome.dfci.harvard.edu/C_elegans/

e Drosophila — http://www.droidb.org/


http://interactome.dfci.harvard.edu/C_elegans/
http://www.droidb.org/
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Proteinova databanka PDB

e databaze 3D strukturdlnich dat proteinl a nukleovych kyselin
e zalozena 1971

e vefejny pfistup

e http://www.rcsb.org/pdb/

e PDB format souborl -
http://wuw.wwpdb.org/documentation/format30

e primarni struktura (sekvence aminokyselin) — FASTA format

e vyhleddvani protein(i dle sekvenci — BLAST —
http://www.ebi.ac.uk/Tools/blast2/


http://www.rcsb.org/pdb/
http://www.wwpdb.org/documentation/format30
http://www.ebi.ac.uk/Tools/blast2/
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Proteinova databanka PDB

Yearly Growth of Total Structures
number of structures can be viewed by hovering mouse over the bar

Number
5000 10,800 15000 20,000 25000 30,000 35000 40,000 45000 50000 55000
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Data na urovni metabolomu

e interakce mezi metabolity determinovany chemicky (proteiny
ve funkci enzymii)

e méfeni metabolitd pomoci hmotnostni spektrometrie
e mé&feni aktivity enzym{ na Grovni proteomu/transkriptomu
e integrace s daty na niZSich drovnich

e data ziskand z literatury a genoych sekvenci (pro dany
organismus)

e data dostupna ve vefejnych databazich

e problémy mohou vznikat diky chybné identifikaci sekvenci
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Data na urovni metabolomu

Organismus # enz. genl | # metabolitd | # reakci
E. coli 904 625 931
S. cerevisiae 750 646 1149
Staphylococcus aureus 619 571 640
Haemophilus influenzae 362 343 488
Helicobacter pylori 268 340 444
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Metabolické sité

BIOLOGICKE S
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zdroj: http://www.di.unipi.it/~braccia/ToolCode/


http://www.di.unipi.it/~braccia/ToolCode/
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KEGG — Kyoto Encyclopedia of Genes and Genomes

e integrativni databaze genovych produkti

e genovy prostor
= GENES, GENOME, ORTHOLOGY, Organisms

e chemicky prostor
= COMPOUND, GLYCAN, REACTION, ENZYME, LIGAND

e systémovy prostor
= PATHWAY, BRITE, DISEASE, DRUG

e kaZdy pojem ma jednoznacéné ID
e zachycena ortologie (podobnost) genti

e genovy prostor Cerpa aktudln& z né&kolika zdroji
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ONTOLOGIF

KEGG — ORGANISMS

GENOME: Escherichia coli K-12 MG1655

BIOLOGICKYCH ZNALOSTI

Help
Entry TOODO? Complete Genome
Name eco, E.coli, ECOLI, 511145
Definition |Escherichia coli K-12 MG1855
Annotation manual_smworgamsm-
Taxonomy TAX:511145
Lineage (Bacteria; Proteobacteria; Gammaprotecbacteria; Enterobacteriales;
Enterobacteriaceae; Escherichia
Taxonomy )
Data source|RefSeq (Project:225)
Original DB|wisconsin
Pasteur
RegulonDB
EcoGene
ECOCYC
Chromosome |Circular
Sequence |RS:NC_000913
Length 4639575
Statistics |Number of nucleotides: 4539675
Number of protein genes: 4144
Number of RMNA genes: 175
Reference |PMID:9278503

Authors
Title
Journal

Blattner FR, et al.

The complete genome sequence of Escherichia coli K-12.

Science 277:1453-74 (1997)

http://www.genome. jp/dbget-bin/www_bget?gn:TO0007


http://www.genome.jp/dbget-bin/www_bget?gn:T00007
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KEGG — ORGANISMS

K[“ KEGG Organisms

[Brite menu]

vyvvy

> Eukaryotes (211)
v Prokaryotes (1139

v Bacteria (1099)
¥ Gammaprotcobacteria (265)
¥ Escherichia (31)

ceo  Escherichia coli K-12 HG165%

e Escherichia coli K-12 w3110

ced  Escherichia coli K-12 DH1OB

bi Escherichia coli K-12 HC4100(Hulac) 542952
ces  Escherichia coli 0157:H7 EDL933 (ENIC)

7 (apHC)

cex Eseherichia coli 09 NS (commsnsal)

cew  Escherichia 9:M28 E243775 (ETEC)
£al

en o teny
ey Escherichia 0152:128 SE11 {comnensal)
cer Escherichia 08 TATL {commersal)
ceq Escherichia 081 EDla (commensal)

RELG06
hd Escherichia coli BL21-Gold(DE3)plyss AG
cfe Escherichia ferguaonii

Shigella (1)

vvvy

http://www.genome. jp/kegg-bin/get_htext?htext=br08601.kegkoption=-a&query=eco


http://www.genome.jp/kegg-bin/get_htext?htext=br08601.keg&option=-a&query=eco
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Kfse

KEGG — GENES

Escherichia coli K-12 MG1655: b1891

ONTOLOGIE BIOLOGICKYCH ZNALOST{

Help

Entry

b1891 DS E.coli

Gene name

fLhC, ECK1892, flal, Jwlgso

Definition

DNA-binding transcriptional dual regulator with FLhD

Orthology

K02402 flagellar transcriptional activator FLhC

Pathway

eco02020 Two-component system
eco02040 Flagellar assembly

Class

Environmental Information Processing; Signal Transduction;
Two-component system [PATH:eco02020]

Cellular Processes; Cell Motility; Flagellar assembly
[PATH: eco02040]

BRITE hierarchy,

SSDB

Ortholog) ( Paralog ) | Gene cluster) (_ GFIT

Motif

Pfam: FlhC
Motif

Other DBs

NCBI-GI: 15129843
NCBI-GenelID: 247280
RegulonDB: B1891
EcoGene: EG10319
ECOCYC: EG10319
UniProt: POABY7

Structure

PDB: 2AVU

Thumbnails.

http://www.genome. jp/dbget-bin/www_bget?eco:b1891


http://www.genome.jp/dbget-bin/www_bget?eco:b1891
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KEGG -~ ORTHOLOGY

K[cc ORTHOLOGY: Ko2402

( Help )

Entry Ko2402 KO
Name flhC
Definition|flagellar transcriptional activator FLhC

Pathway k002020 Two-component system
ko02040 Flagellar assembly

Class Environmental Information Processing; Signal Transduction;
Two-component system [PATH:ko02020]

Cellular Processes; Cell Motility; Bacterial motility proteins

[BR: ko02035]

Cellular Processes; Cell Motility; Flagellar assembly [PATH:koG2040]

BRITE hierarchy,

Genes ECO: b1891(flhcC)

ECJ: Jw188a{flhC)
EBw: BwG_1705(fLhC)
ECE: Z2945(flhC)

ECS: ECs2601

ECF: ECH74115_2630(f1hC)
ETw: ECSP_2455(fLhC)
E0J: ECO26_2743(flhC)
EOI: ECO111_2477(f1hC)
EOH: EC0103_2153(flhC)
ECG: E2348C_2014(f1hC)
EOK: G2583_2344(flhC)
ECC: c2306(flhC)

ECP: ECP_1835

ECI: UTIS9_C2094(flhC)

http://www.genome. jp/dbget-bin/www_bget?ko:K02402


http://www.genome.jp/dbget-bin/www_bget?ko:K02402
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http://www.genome. jp/kegg-bin/show_pathway?eco02040+b1891


http://www.genome.jp/kegg-bin/show_pathway?eco02040+b1891
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Data (bio)chemickych reakct

e vstupy reakce — substraty (reaktanty)

e vystupy reakce — produkty
A+B=C+D

e Fidici latky (specifické proteiny — enzymy, koenzymy)
katalyza — urychleni/zpomaleni reakce (aktivatory/inhibitory)
e zesilovani katalytickych ucinkd enzymi koenzymy

e napf. kalalytické urychleni rozpadu:

AB+E=ABE - A+B+E

e pilitem je komplex katalytickych reakci — metabolismus
e metabolismus umoZiiuje zpracovani a pfeménu energie
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Energeticky prubéh reakce

nekatalyzovana —

A

reakce
reakéni

energie

- "\
4 katalyzovana
reakce
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Slozitost metabolismu

e v e.coli je vice neZz 1000 reakci
e opakujici se motivy
e zpracovani ATP (adenozintrifosfat) — zisk energie
e omezené mnozstvi aktivnich meziprodukti
e jen cca 100 molekul ma zasadni funkci
e omezené mnozstvi typl reakci

e individualni reakce jsou typicky jednoduché (omezené
mnoZstvi substratt /produktii)
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Klasifikace reakct

e kaZd3 reakce identifikovdna EC &islem
e definovano dle nazvoslovi enzymii

http://www.chem.qmw.ac.uk/iubmb/enzyme
EC 3.2.1.23
|

typ reakce

druh substratu subidentifikace

popis akceptoru


http://www.chem.qmw.ac.uk/iubmb/enzyme
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Klasifikace reakct

e celkem 8 typl reakci (enzymi)
o oxydoreduktazy, transferazy, hydroldzy, ...
e EC 3.2.1.23 — 3-galaktocidaza
e hydrolyza inhibujici tvorbu laktdzy, soucast galaktézové
metabolické drahy

e http://www.ebi.ac.uk/thornton-srv/databases/
cgi-bin/enzymes/GetPage.pl?ec_number=3.2.1.23


http://www.ebi.ac.uk/thornton-srv/databases/cgi-bin/enzymes/GetPage.pl?ec_number=3.2.1.23
http://www.ebi.ac.uk/thornton-srv/databases/cgi-bin/enzymes/GetPage.pl?ec_number=3.2.1.23
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Databdze enzymu, metabolickych drah

BRENDA — http://www.brenda-enzymes.org/
= zahrnuje kvantitativni data

IntEnz — http://www.ebi.ac.uk/intenz/
=- zaméFeno na nazvoslovi

KEGG — http://www.genome. jp/kegg/
=> schemata metabolickych drah
http://wuw.genome. jp/kegg/pathway.html

MetaCyc — http://metacyc.org/


http://www.brenda-enzymes.org/
http://www.ebi.ac.uk/intenz/
http://www.genome.jp/kegg/
http://www.genome.jp/kegg/pathway.html
http://metacyc.org/

BIOLOGICKE SITE REKONSTRUKCE BIOLOGICKYCH S{T{ ONTOLOGIE BIOLOGICKYCH ZNALOST{

KEGG - PATHWAYS
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http:

//www.genome. jp/kegg-bin/show_pathway?org_name=ecj&mapno=00010&mapscale=&show_description=hide


http://www.genome.jp/kegg-bin/show_pathway?org_name=ecj&mapno=00010&mapscale=&show_description=hide
http://www.genome.jp/kegg-bin/show_pathway?org_name=ecj&mapno=00010&mapscale=&show_description=hide
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Cviceni

UvaZujme sekvenci aminokyselin (FASTA format):
SVVEEHGQLSISNGELVNERGEQVQLKGMSSHGLQWYGQ
FVNYESMKWLRDDWGINVFRAAMYTSSGGYIDDPS
VKEKVKEAVEAAIDLDIYVIIDWHILSDNDPNIYK
EEAKDFFDEMSELYGDYPNVIYEIANEPNGSDVTW
GNQIKPYAEEVIPIIRNNDPNNIIIVGTGTWSQDV
HHAADNQLADPNVMYAFHFYAGTHGQNLRDQVDYA
LDQGAAIFVSEWGTSAATGDGGVFLDEAQVWIDFM
DERNLSWANWSLTHKDESSAALMPGANPTGGWTEA
ELSPSGTFVREKIRES

e najdéte na http://www.ebi.ac.uk/intenz/

e prozkumejte relevantni drahy na
http://www.genome. jp/kegg/


http://www.ebi.ac.uk/intenz/
http://www.genome.jp/kegg/
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Reactome

Reactome - a curated knowledgebase of biological pathways

Reaction Experimentally confirmed reaction—> | Manually inferred reaction——> | Electronically inferred reaction— | Linked reactions

Biological oxidations

Respiratory el
DA Repair synthesis by
heat produ

ctron transport, ATP
e oupling, and
on by uncoupling proteins.

Gene Expression Hemostasis

Integration of energy metabolism

of ca dra M

Wetaholism of amino acids and - [ — [
i a ds and a

Metabiolism of nuc|

ides Metabalism of porphyrins WMetabalism of proteins

Regulation of het

Signaling in Immune system

http://www.reactome.org/


http://www.reactome.org/
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Specificky zamerené zdroje dat

EcoCyc — http://ecocyc.org - E. coli K12

SGD — http://www.yeastgenome.org/

WORMBASE — http:
//www.sanger.ac.uk/Projects/C_elegans/WORMBASE/

FlyBase — http://flybase.org/


http://ecocyc.org
http://www.yeastgenome.org/
http://www.sanger.ac.uk/Projects/C_elegans/WORMBASE/
http://www.sanger.ac.uk/Projects/C_elegans/WORMBASE/
http://flybase.org/

Biologické sité

Rekonstrukce biologickych siti

Ontologie biologickych znalosti
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Databdze odbornych clanki

e PubMed Entrez — vyhledavani v odbornych
biologickych /Iéka¥skych &ldncich
http://www.ncbi.nlm.nih.gov/sites/entrez

e Maintained by U.S. National Library of Medicine
e obsahuje okolo 15 mil. referenci

e zahrnuje ¢lanky vice nez 4000 Casopisi

e slovnik pojmi MeSH


http://www.ncbi.nlm.nih.gov/sites/entrez
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Ontologie geni a genovych produkti

e nutnost systematicky uchopit genom, genové produkty a
funkce (interaktom)
e akumulace biologickych dat

o decentralizovany proces
e paralelni proces

e problém: nejednoznalné popisy téhoZ objektu, procesu
e napf. proteolyza vs. (¥izend degradace proteinil)
e od roku 1998 vyvoj Gene Ontology
= http://geneontology.org


http://geneontology.org
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Gene Ontology

e cilem je uceleny systematicky popis genovych produktl a
jejich funkci
e ontologie ptedstavuje systematicky slovnik pojmi
e hierarchicky pohled na data vZetn& vazeb mezi nimi (DAG)
e zachyceni synonym
e GO obsahuje 3 kategorie (DAGy):
e biological process

e cellular component
e molecular function
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Gene Ontology

e respektuje standard OBO a OWL (W3C) pro strukturu a
reprezentaci ontologii

e http://obofoundry.org/
e http://wuw.w3.org/TR/owl-features/
e kazdy uzel pFedstavuje jednozna¥ny pojem (mnoZinu synonym)
= jednozna¥né reprezentovan ID (tzv. GO termem)
e rizné typy relaci mezi uzly:

e part_of, is_a, located_in, derived_from, ...
e viz http://obofoundry.org/ro/


http://obofoundry.org/
http://www.w3.org/TR/owl-features/
http://obofoundry.org/ro/
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Gene Ontology
Priklad podgrafu GO

regulates isa

GOC0078)
regulation of
biological process

s 1 Tegulates s u

GO:0050794
regulation of
cellular process

sa Tegulates fsa o

GO:0051302
regulation of cell
division

GO:0032465
regulation of
cytokinesis

ONTOLOGIE BIOLOGICKYCH ZNALOST{
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Nastroje pro Gene Ontology

on-line i off-line vyhleddvate v GO

statistické testy na overreprezentaci dané mnoZiny genl v
pojmech GO
e GOstat —
http://gostat.wehi.edu.au/cgi-bin/goStat.pl
e DAVID — http://david.abcc.ncifcrf.gov/
e BiNGO —
http://www.psb.ugent.be/cbd/papers/BiNGO/Home.html
e mapovani microarray dat na ontologicky strom
e eGOn — http://www.genetools.no/
e High-Throughput GoMiner —
http://discover.nci.nih.gov/gominer/htgm. jsp
e Meta Gene Profiler (MetaGP) — http://metagp.ism.ac.jp/


http://gostat.wehi.edu.au/cgi-bin/goStat.pl
http://david.abcc.ncifcrf.gov/
http://www.psb.ugent.be/cbd/papers/BiNGO/Home.html
http://www.genetools.no/
http://discover.nci.nih.gov/gominer/htgm.jsp
http://metagp.ism.ac.jp/
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